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ac acre 
cfs cubic feet per second 
cfu colony-forming unit 
cm centimeter 
cms cubic meters per second 
d day 
g gram 
ha hectare 
hm hectometer 
hr hour 
in inch 
kg kilogram 
km kilometer 
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mg milligram 
Mg megagram (= 1 mt) 
mi mile 
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mt metric ton (= 1 Mg) 
orgs E. coli organisms 
ppm parts per million 
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Other abbreviations: 

AFO animal feeding operation 
BMP best management practice 
Chl-a chlorophyll a 
E. coli Escherichia coli 
GM geometric mean (pertains to WQS for E. coli, = 126 orgs/100 mL) 
LDC load duration curve 
N nitrogen 
ortho-P ortho-phosphate 
P phosphorus 
SSM single-sample max (pertains to WQS for E. coli, = 235 orgs/100 mL) 
TN total nitrogen 
TP total phosphorus 
WQS water quality standard 
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General Report Summary 
 
What is the purpose of this report? 
This report serves multiple purposes. First, it is a resource for increased understanding of watershed and 
water quality conditions in and around Hickory Grove Lake. Second, it satisfies the Federal Clean Water 
Act requirement to develop a Total Maximum Daily Load (TMDL) for impaired waterbodies. Third, it 
provides a foundation for locally driven watershed and water quality improvement efforts. Finally, it 
may be useful for obtaining financial assistance to implement projects to remove Hickory Grove Lake 
from the federal 303(d) list of impaired waters. 
 
What is wrong with Hickory Grove Lake? 
Hickory Grove Lake is listed as impaired on the 2018 303(d) list for not supporting its primary contact 
recreation designated use. The impairment is due to elevated levels of algae, which is caused by overly 
abundant nutrients and sediment, including sediment-bound phosphorus in the lake.  
 
What is causing the problem? 
The amount of phosphorus transported to the lake from the surrounding watershed is sufficient to 
cause excessive growth of algae, which can reduce water clarity. Phosphorus is carried to the lake in two 
primary forms: (1) attached to eroded soil that is transported to the lake by rainfall runoff and stream 
flow, and (2) dissolved phosphorus in runoff and subsurface flow (e.g., shallow groundwater and tile 
flow). Phosphorus and sediment within the water column and on the lake bed may become 
resuspended under certain conditions, which can add to algae and turbidity issues. There are no 
permitted point sources of phosphorus in the Hickory Grove Lake watershed; therefore, all phosphorus 
loads to the lake are attributed to nonpoint sources. 
 
Nonpoint sources are discharged in an indirect and diffuse manner, and often are difficult to locate and 
quantify. Nonpoint sources of phosphorus in the Hickory Grove Lake watershed include gully erosion, 
sheet and rill erosion from various land uses, runoff and subsurface flows from lands that receive 
fertilizer application, grazed pasture land, poorly functioning septic systems, manure deposited by 
wildlife, and particles carried by dust and wind (i.e., atmospheric deposition). A portion of the 
phosphorus carried to the lake eventually settles to the lake bottom and accumulates. Under certain 
conditions, this accumulated phosphorus can become available for algal uptake and growth through an 
internal recycling process.  
 
What can be done to improve Hickory Grove Lake? 
Reducing phosphorus loss from pasture, row crops, and implementing or improving existing structural 
BMPs such as streambank stabilization, livestock exclusion, grassed waterways and constructed 
sediment basins in beneficial locations will significantly reduce phosphorus loads to the lake. Dredging 
the east sediment basin and targeted areas of the lake will increase the trapping efficiency of the lake 
helping to reduce sediment and phosphorus loads to the lake. Consideration should be given to 
reductions in the population of grass and common carp, which graze on aquatic plants reducing the 
uptake of phosphorus.  
 
In 2012, Story County developed a Watershed Management Action Plan (WMAP) to address an E. coli 
impairment. The WMAP took a proactive approach to protecting water quality because at the time of 
development, Hickory Grove Lake was not impaired for algae. Many of the BMPs in the WMAP 
addressed nutrient reduction. Sections 2 & 4 of this WQIP provide a brief discussion of the BMPs that 
have been proposed or have been implemented.  
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Who is responsible for a cleaner Hickory Grove Lake? 
Everyone who lives, works, or recreates in the Hickory Grove Lake watershed has a role in water quality 
improvement. Nonpoint source pollution is unregulated and responsible for the vast majority of 
sediment and phosphorus entering the lake. Therefore, voluntary management of land, animals, and the 
lake itself will be required to achieve measurable improvements to water quality. Many of the practices 
that protect and improve water quality also benefit soil fertility and structure, the overall health of the 
ecosystem, and the value and productivity of the land. Practices that improve water quality and enhance 
the long-term viability and profitability of agricultural production should appeal to producers, 
landowners, and lake users alike. Improving water quality in Hickory Grove Lake, while also improving 
the quality of the surrounding land, will continue to require collaborative participation by various 
stakeholder groups, with landowners playing an especially important role. Additionally, those looking to 
develop sites within the Hickory Grove Lake watershed should recognize the impact of improved water 
quality on property values. 
 
Does a TMDL guarantee water quality improvement? 
The Iowa Department of Natural Resources (DNR) recognizes that technical guidance and support are 
critical to achieving the goals outlined in this Water Quality Improvement Plan (WQIP). The TMDL itself 
is only a document, and without implementation, will not improve water quality. Therefore, a basic 
implementation plan is included for use by local agencies, watershed managers, and citizens for 
decision-making support and planning purposes. This implementation plan should be used as a guide or 
foundation for detailed and comprehensive planning by local stakeholders. 
 
Reducing pollutants from unregulated nonpoint sources requires voluntary implementation of best 
management practices. Many solutions have benefits to soil health and sustained productivity as well as 
water quality. However, quantifying the value of those ecosystem services is difficult, and those benefits 
are not commonly recognized. Consequently, widespread adoption of voluntary conservation practices 
is often difficult to achieve. A coordinated watershed improvement effort for Hickory Grove Lake could 
address some of these barriers by providing financial assistance, technical resources, and 
information/outreach to landowners to encourage and facilitate adoption of conservation practices. 
 
What are the primary challenges for water quality implementation? 
In most Iowa landscapes, implementation requires changes in land management and/or agricultural 
operations. Management decisions may include changes in the number of acres that are actively tilled 
and the diversity and rotation of crops produced. These changes present challenges to producers by 
requiring new equipment (e.g., no-till planters), narrowing planting, harvesting and fertilization 
windows, and necessitating more active and complex farm management.  
 
Additionally, potential short-term losses in yields are more easily recognized and quantified than long-
term benefits to soil health and sustained productivity. It is not easy to overcome existing incentives and 
the momentum of current practices. Promoting a longer-term view with an emphasis on long-term soil 
fertility, production, agroecosystem health, and reduced input costs will be essential for successful, 
voluntary implementation by willing conservation partners. However, water quality improvement and 
enhancement of Hickory Grove Lake as a recreational resource are certainly attainable goals, and are 
appropriate and feasible near-term goals for a coordinated watershed improvement effort. 
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Required Elements of the TMDL  
 
This Water Quality Improvement Plan has been prepared in compliance with the current regulations for 
TMDL development that were promulgated in 1992 as 40 CFR Part 130.7 in compliance with the Clean 
Water Act. These regulations and consequent TMDL development are summarized below in Table 1-1.  
 

Table 1-1. Technical Elements of the TMDL.  

Name and geographic location of the impaired 
or threatened waterbody for which the TMDL 
is being established: 

Hickory Grove Lake, Waterbody ID IA 03-SSK-
950, located in S24, T83N, R22W, 2.5 miles 
southwest of Colo, Story County, Iowa.  

Surface water classification and designated 
uses: 

A1 ς Primary Contact 
B(LW) ς Aquatic life  
HH ς Human health (fish consumption) 

Impaired beneficial uses: A1 ς Primary Contact (IR 5a) 

TMDL priority level: Priority Tier 1 

Identification of the pollutants and applicable 
water quality standards (WQS): 

Aesthetically objectionable conditions due to 
algal leading to very poor water transparency 

Quantification of the pollutant loads that may 
be present in the waterbody and still allow 
attainment and maintenance of WQS: 

Excess algae associated with total phosphorus 
(TP). The allowable average annual TP load = 
3,432.5 lbs/year; the maximum daily TP load = 
29.3 lbs/day. 

Quantification of the amount or degree by 
which the current pollutant loads in the 
waterbody, including the pollutants from 
upstream sources that are being accounted for 
as background loading, deviate from the 
pollutant loads needed to attain and maintain 
WQS: 

The existing growing season load of 5,528.7 
lbs/year must be reduced by 2,096.2 lbs/year 
to meet the allowable TP load. This is a 
reduction of approximately 38 percent. 
 

Identification of pollution source categories: 
 

There are no regulated point source 
discharges of phosphorus in the watershed. 
Nonpoint sources of phosphorus include 
fertilizer and manure from row crops, sheet 
and rill erosion from row crops and pasture, 
wildlife, septic systems, groundwater, 
atmospheric deposition, and others. 

Wasteload allocations (WLAs) for pollutants 
from point sources: 

There are no allowable point source 
discharges. 
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Load allocations (LAs) for pollutants from 
nonpoint sources: 

The allowable annual average TP LA is 3,089.2 
lbs/year, and the allowable maximum daily LA 
is 26.4 lbs/day.  

A margin of safety (MOS): An explicit 10 percent MOS is incorporated 
into this TMDL.  

Consideration of seasonal variation: 
 

The TMDL is based on annual TP loading. 
Although daily maximum loads are provided to 
address legal uncertainties, the average 
annual loads are critical to in-lake water 
quality and lake/watershed management 
decisions. 

Reasonable assurance that load and wasteload 
allocations will be met: 

Reasonable assurances for reductions in 
nonpoint source pollution are provided by (1) 
a list of BMPs (see Section 4 of this WQIP) that 
would provide phosphorus reductions, (2) a 
group of nonstructural practices that prevent 
transport of phosphorus, (3) proposed 
methodology for prioritizing and targeting 
BMPs on the landscape, and (4) best available 
data for estimating the efficiency/reduction 
associated with BMPs. 

Allowance for reasonably foreseeable 
increases in pollutant loads: 

Although watershed development may 
continue in the future, an increase in the 
pollutant load from land use change is not 
expected.  

Implementation plan: An implementation plan is outlined in Section 
4 of this Water Quality Improvement Plan. 
Phosphorus loading and associated 
impairments must be addressed through a 
variety of voluntary management strategies 
and structural practices. 
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1. Introduction 
 
The Federal Clean Water Act requires all states to develop lists of impaired waterbodies that do not 
meet water quality standards (WQS) and support designated uses. This list of impaired waterbodies is 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ǎǘŀǘŜΩǎ олоόŘύ ƭƛǎǘΦ In addition to developing the 303(d) list, a Total Maximum Daily 
Load (TMDL) must be developed for each impaired waterbody included on the list. A TMDL is a 
calculation of the maximum amount of a pollutant that a waterbody can tolerate without exceeding 
²v{ ŀƴŘ ƛƳǇŀƛǊƛƴƎ ǘƘŜ ǿŀǘŜǊōƻŘȅΩǎ ŘŜǎƛƎƴŀǘŜŘ ǳǎŜǎΦ The TMDL calculation is represented by the 
following general equation: 
 

TMDL = LC = S WLA + S LA + MOS 
 

Where:  TMDL  = total maximum daily load 
LC  = loading capacity 

   S WLA = sum of wasteload allocations (point sources) 

   S LA = sum of load allocations (nonpoint sources) 
   MOS  = margin of safety (to account for uncertainty) 
 
One purpose of this Water Quality Improvement Plan (WQIP) is to provide a TMDL for algae, which has 
decreased water quality in the lake. Another purpose is to provide local stakeholders and watershed 
managers with a tool to promote awareness and understanding of water quality issues, develop a 
comprehensive watershed management plan, obtain funding assistance, and implement water quality 
improvement projects. Over-abundance of phosphorus is largely responsible for excessive algal growth, 
which impairs the primary contact designated use of Hickory Grove Lake. The impairments are 
addressed by development of a TMDL that limits total phosphorus (TP) loads to the lake. Phosphorus 
reductions should be accompanied by reduced algal growth and increased water clarity.  
 
The plan also includes descriptions of potential solutions to the impairments. This group of solutions is 
presented as a toolbox of best management practices (BMPs) for improving water quality in Hickory 
Grove Lake, with the ultimate goal of meeting water quality standards and supporting designated uses. 
These BMPs are outlined in the implementation plan in Section 4.  
 
The Iowa Department of Natural Resources (DNR) recommends a phased approach to watershed 
management. A phased approach is helpful when the origin, interaction, and quantification of pollutants 
contributing to water quality problems are complex and difficult to fully understand and predict. 
Iterative implementation of improvement practices and additional water quality assessment (i.e., 
monitoring) will help ensure gradual progress towards water quality standards, maximize cost efficiency, 
and prevent unnecessary or ineffective implementation of costly BMPs. Implementation guidance is 
provided in Section 4 of this report, and water quality monitoring guidance is provided in Section 5. 
 
This plan will be of limited value unless additional watershed improvement activities and BMPs are 
implemented. This will require the active engagement of local stakeholders and landowners. Experience 
has shown that locally led watershed plans have the highest potential for success. The Watershed 
Improvement Section of the Iowa DNR has designed this plan for stakeholder use and may be able to 
provide technical support for the improvement of water quality in Hickory Grove Lake. 
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2. Description and History of Hickory Grove Lake 
 
Hickory Grove Lake is located in Nevada Township, Story County approximately 2.5 miles southwest of 
the City of Colo. Construction of Hickory Grove Lake was completed by 1966 and the lake began filling in 
1967, opened for recreational activities on Labor Day 1968, and was full by 1969 (Soupir, M., n.d.). The 
lake is located within the 445-acre Hickory Grove Park owned and managed by the Story County 
Conservation Board. The lake and park area provides fishing, hiking, swimming and other outdoor 
recreation activities for the public. Figure 2-1 is a 2017 aerial photograph with the boundaries of the 
watershed shown.  
 
Table 2-1 lists some of the general characteristics of Hickory Grove Lake and its watershed. Estimation of 
physical characteristics such as surface area, depth, and volume are based on a bathymetric survey 
conducted by the Iowa DNR in May of 2017. 
 

Table 2-1. Hickory Grove Lake Watershed and Lake Characteristics. 

Waterbody ID IA 03τSSK-950 

12-Digit Hydrologic Unit Code (HUC) 070801050604 

12-Digit HUC Name East Indian Creek 

Location 
Story County, S24, T83N, R22W; 2.5 miles southwest of 
Colo 

Latitude 41.9904° N (ambient lake monitoring location) 

Longitude -93.3637° W (ambient lake monitoring location) 

Designated Uses 
A1 ς Primary Recreation 
B(LW) ς Aquatic Life  
HH ς Human health (fish consumption, drinking water) 

Tributaries Unnamed Tributary  

Receiving Waterbody Unnamed Tributary, East Indian Creek 

Lake Surface Area (1) 101 acres  

Length of Shoreline 5.2 miles 

Shoreline Development Index 3.7 

Maximum Depth (1) 36.9 feet 

Mean Depth (1) 12.7 feet 

Lake Volume (1) 1,216 acre-feet 

Watershed Area 4,037 acres (includes lake) 

Watershed:Lake Ratio (2) 39:1 

Hydraulic Lake Residence Time (3) 103 days 

(1) Per May 2017 bathymetric survey.  
(2) (Watershed Area - Lake Area) / Lake Area 
(3) BATHTUB model prediction for average annual conditions (2010-2016) 
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Figure 2-1. Vicinity Map. 
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Water Quality Data  
This report uses water quality data from 2010-2016 collected through the statewide survey of Iowa 
Lakes by Iowa State University (ISU).  
 
Existing Water Quality Improvement Plan 
In 2008, a watershed technical advisory team was formed to discuss water quality improvement efforts 
at Hickory Grove Lake (Iowa DNR, 2016). Subsequent activity lead to the development of a Water 
Quality Improvement Plan (WQIP) and a Watershed Management Action Plan (WMAP).  
 
In 2011, a WQIP was completed by Iowa State University (Hickory Grove Lake Watershed, Water Quality 
Improvement Plan Final Report, 2010-2011) to address the water quality of Hickory Grove Lake. This 
plan addressed bacteria as well as nutrient loadings to the lake. The WQIP also included hydrologic and 
lake eutrophication modeling. The Soil and Water Assessment Tool (SWAT) simulated hydrology while 
the BATHTUB model focused on eutrophication of the lake.  
 
Attempts to locate these historic models proved unsuccessful. As a result, Iowa DNR developed a STEPL 
model to simulate hydrology. The two models produced significantly different results with regards to 
phosphorus loading to the lake. Despite the differences in phosphorus loading to the lake, the models 
produced similar results in mass reduction of phosphorus required to achieve a TSI of less than 63 in the 
lake. The previous WQIP called for a reduction of approximately 1,600 lbs of phosphorus and the current 
WQIP call for a reduction of 2,097 lbs. Section 3 details the modeling results in full. 
 
Watershed Management Action Plan 
In 2012-2013, a Watershed Management Action Plan (WMAP) for the Hickory Grove Lake watershed 
was prepared by Dr. Michelle Soupir of Iowa State University. The WMAP outlined strategies for 
improving the water quality of Hickory Grove Lake by reducing bacteria (E. coli) load to the lake and 
addressing potential sources of sedimentation and phosphorus (Soupir, M., n.d.).  
 
In 2016, several Best Management Practices (BMPs) outlined in the WMAP were constructed to address 
water quality issues as follows (Yoakum, A., n.d.):  

¶ Livestock exclusion of approximately 1,600 feet of stream  

¶ Grade and streambank stabilization  

¶ Grassed buffer along the stream  

¶ Grade stabilization structure to trap sediment.  
 

In August 2018, construction began on additional watershed improvements including lake restoration 
projects. This work includes: 

¶ Partial lake drawdown 

¶ Removal of excess sediment by dredging the sediment basin and selected areas of the lake 

¶ Shoreline stabilization 

¶ Rock check dams 

¶ Fish habitat improvements 

¶ UǇŘŀǘƛƴƎ ǘƘŜ ƭŀƪŜǎΩ ƻǳǘƭŜǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 

¶ Carp eradication.  
 

It is expected that these projects will take 2-4 years to complete (Source: 
https://www.storycountyiowa.gov/1465/Lake-Restoration-Plan-Goals). Much of the on-going and 
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completed work will help improve the water quality at Hickory Grove Lake in addressing the algae 
impairment. A complete version of the WMAP is available on the Story County website at: 
http://www.storycountyiowa.gov/DocumentCenter/View/3246/Hickory-Grove-Lake_WMAP?bidId=. 
 
2.1. Hickory Grove Lake  
Hydrology 
Daily precipitation data were obtained from the Iowa ς Central Climate Division weather station from 
the Iowa Environmental Mesonet downloadable from the IEM (IEM 2020b). Daily potential 
evapotranspiration (PET) data prior to January 1, 2014 were obtained from the Iowa Ag Climate Network 
and data obtained after January 1, 2014 were obtained from the ISU Soil Moisture Network, 
downloadable from the IEM (IEM, 2020b). The Iowa State Climatologist provides quality control of these 
data. Daily observations between January 1, 2010 and December 31, 2016 were used in climate 
assessment and model development. Table 2-2 reports weather station information.  
 

Table 2-2. Weather Station Information for Hickory Grove Lake. 

Data Temperature/Precipitation Potential ET 

Network IACLIMATE 
ISU AgClimate/ISU Soil 

Moisture Network 

Station Name (ID) Iowa ς Central Climate Division 
(IAC005) 

Ames (A130209)/Ames ς 
Horticulture ISU ςRDF (AEEI4) 

Latitude 42.0411° 42.0212°/42.7745° 

Longitude -93.3353° -93.4225°/ -93.5848° 

Source: https://mesonet.agron.iastate.edu/climodat 
 
Average annual precipitation near Hickory Grove Lake for the analysis period was 36.8 inches. The 
annual average precipitation during this time period was higher than the 30-year annual average of 34.8 
inches. During the analysis period, three of the ten wettest years and two of the driest years on record 
since 1987 were recorded. Figure 2-2 illustrates the annual precipitation totals, along with lake 
evaporation (estimated as 70 percent of annual PET). This chart shows an inverse relationship between 
precipitation and lake evapotranspiration (ET), mainly due to climatological factors such as cloud cover 
and temperature. Wet years in 2010, 2014, and 2015 show a surplus of precipitation, while the dry years 
of 2011, 2012, and 2013 show a precipitation deficit in comparison to lake ET.  
 
Precipitation varies greatly by season in central Iowa, with approximately 75 percent of annual rainfall 
taking place in half of the year (April through September). Monthly average precipitation is illustrated in 
Figure 2-3, along with estimated evapotranspiration (ET) in the watershed based on vegetation cover. 
Although precipitation is highest during the growing season, so is ET, and a monthly moisture deficit 
occasionally occurs. Note that watershed ET is typically higher than lake evaporation in the summer 
months, a result of high temperatures and vegetation transpiring large volumes of moisture from the 
soil during the peak of the growing season. It is often during this period that harmful algal blooms 
develop in waterbodies, as water heats up and lake flushing is minimal. The watershed to lake ratio 
(39:1) indicates that rainfall events producing runoff and subsurface tile flow will impact lake water 
levels much more dramatically than a lake with a relatively smaller watershed.  
 

http://www.storycountyiowa.gov/DocumentCenter/View/3246/Hickory-Grove-Lake_WMAP?bidId
https://mesonet.agron.iastate.edu/climodat
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Figure 2-2. Annual Precipitation and Estimated Lake Evaporation. 

 
 

 
Figure 2-3. Monthly Precipitation and Estimated ET for the Watershed. 
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Rainfall runoff, direct precipitation, evapotranspiration, tile drainage, shallow groundwater flow, and 
deep aquifer recharge ŀǊŜ ŀƭƭ ǇŀǊǘ ƻŦ ǘƘŜ ƭŀƪŜΩǎ ƘȅŘǊƻƭƻƎƛŎ ǎȅǎǘŜƳΦ Estimated residence time is based on 
annual precipitation and evaporation data, Spreadsheet Tool for Estimating Pollutant Load (STEPL) 
estimates of average annual inflow, and a water balance calculated within the BATHTUB model. The 
BATHTUB water balance calculation includes inflows (from STEPL), direct precipitation, evaporation 
calculated from measured PET at Ames, Iowa and lake morphometry.  
 
During years of below average precipitation, residence time increases. In wet years, the opposite is true 
as residence time decreases. In lakes with smaller watershed to lake ratios, the residence time may be 
longer than lakes with larger watershed to lake ratios.  
 
Morphometry  
According to the most current bathymetric data (May 2017), the surface area of Hickory Grove Lake is 
101.1 acres. Estimated water volume of the main lake is 1,216.3 acre-feet (ac-ft), with a mean depth of 
12.7 ft and a maximum depth of 36.9 ft  located in the western half of the lake. The reservoir, like most 
man-made stream impoundments, has an irregular shape, with several small dissected arms that lead to 
upland overland flow paths. Evidence of sedimentation in the lake suggests that the watershed of 
Hickory Grove Lake has a large impact on water quality. The significance of sediment (and associated 
phosphorus) loading from the watershed is further evidenced by the shoreline development index of 
3.7, which is high. Values greater than 1.0 suggest the shoreline is highly dissected and indicative of a 
high degree of watershed influence (Dodds, 2000). High indexes are frequently observed in man-made 
reservoirs and it is not surprising that watershed processes are critically important for the chemical, 
physical, and biological processes that take place in Hickory Grove Lake. Lake morphometry and 
bathymetry data are shown in Figure 2-4.
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Figure 2-4. 2013 Bathymetric Map of Hickory Grove Lake
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2.2. The Hickory Grove Lake Watershed 
The watershed boundary of Hickory Grove Lake encompasses 4,037.0 acres (including the lake) and is 
illustrated in Figure 2-1. The watershed-to-lake ratio of 39:1 is above the ideal condition of 20:1. A 
higher watershed to lake ratio indicates that watershed influences will have a larger impact on water 
quality in Hickory Grove Lake and more work in the watershed will need to be done to see water quality 
improvement. However, there remains a high potential for successful lake restoration. Significant 
mitigation of watershed influence will be required, and in-lake techniques may have short effective life 
spans in the absence of watershed improvements and renovations. A prudent watershed management 
strategy should focus on problem areas that can be most easily addressed and implementing 
alternatives that provide multiple benefits in addition to water quality, such as increased soil health, 
erosion reduction, and habitat enhancement. Watershed management and implementation strategies 
are discussed in more detail in Section 4 ς Implementation Planning. 
 
Land Use 
Land use information for the area was developed using the Cropland Data Layer (CDL) for 2018, which 
was obtained from the United States Department of Agriculture ς National Agricultural Statistics Service 
(SUDA-NASS, 2016). Review of current aerial photographs and windshield surveys confirms that land use 
has changed very little, if any, since 2018. The dominate land use is row crops, which makes up 
approximately 85 percent of the watershed. Row crops consist of corn and soybeans. The next largest 
land use is forested land making up approximately three (3) percent of the watershed. (Table 2-3 and 
Figure 2-5). Examination of the crop ground also shows that the majority of soil is tile drained, which 
increases productivity of corn and soybeans, reduces erosion, and effects nutrient fate and transport.  
 

Table 2-3. Hickory Grove Lake Watershed Land Uses. 

Land Use Description Area (acres) Percent (%) 

Farmstead Residences, Farm Buildings  84.8 2.1 

Forest Bottomland, Coniferous, Deciduous  124.9 3.1 

Grassland Ungrazed Grassland 127.3 3.2 

Parkland Campgrounds, Picnic Areas 48.6 1.2 

Pasture Grazed Grassland 15.0 0.4 

Roads Highways and Impervious Areas 110.9 2.7 

Row Crop Corn and Soybeans 3,413.2 84.5 

Water/Wetland1 Water and Wetland 112.3 2.8 

Total   4,037.0 100.0 

(1) Includes Hickory Grove Lake Surface Area. 
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Figure 2-5. Hickory Grove Lake Watershed Land Use Map. 
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Soils, Climate, and Topography 
The Hickory Grove Lake watershed is in the Des Moines Lobe, which was formed by glacial activity. Some 
of the identifiŀōƭŜ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘƛǎ ƭŀƴŘǎŎŀǇŜ ƛƴŎƭǳŘŜ άǿŀǎƘōƻŀǊŘέ ƻǊ άǎǿŜƭƭ ŀƴŘ ǎǿŀƭŜέ ǘƻǇƻƎǊŀǇƘȅ ǘƘŀǘ 
are barely perceptible on the ground; broad flats; natural ponds, lakes, and marshes sometimes referred 
to as prairie potholes; and morainal ridges. (Prior, 1991).  
 
The watershed is made up mainly of the Clarion-Nicollet-Webster soil association. This association is 
characterized by nearly level to moderately sloping terrain; well drained to poorly drained, loamy soils. 
The surface drainage is not well developed and runoff water commonly accumulates in depressions or 
prairie potholes. In addition, the soils in this association are well suited to row crops, if they are properly 
drained and if erosion is controlled (USDA-NRCS, 1984). 
 
As seen from Table 2-4 the Clarion-Nicollet-Webster soil association make up 79 percent of the soils in 
the watershed. Table 2-4 also shows the soils, area, percent area, general description, hydric soil group, 
and typical slopes of the major soils in the watershed  
 

Table 2-4. Predominant Soils of the Hickory Grove Lake Watershed. 

Soil Name Area (ac) 
Area 
(%) Description 

Hydric Soil 
Group 

Typical Slopes 
(%) 

Clarion  1,136.3 28.1 
Loam; Nearly level to moderately 
sloping, well-drained, moderately 
permeable soils on uplands.   

B 2-14 

Webster  1,080.5 26.8 
Clay loam; Nearly level to moderately 
sloping, poorly drained, moderately 
permeable soils on uplands.  

C/D 0-2 

Nicollet 966.4 23.9 

Loam; Nearly level to moderately 
sloping, somewhat poorly drained, 
moderately permeable soils on 
uplands.  

B/D 1-3 

Canisteo 435.5 10.8 
Clay loam; Level and very gently 
sloping, poorly drained, moderately 
permeable soils on uplands. 

C/D 0-2 

Water 104.7 2.6 --- --- --- 

Lester 83.5 2.1 
Loam; Gently sloping to very steep, 
well-drained, moderately permeable 
soils on uplands. 

C 2-16 

Okoboji 65.7 1.6 
Silt clay loam; Level and very gently 
sloping, very poorly drained soils in 
upland depressions.  

C/D 0-1 

Harps 57.4 1.4 

Clay loam; Gently sloping, poorly 
drained, moderately permeable, 
strongly calcareous soils on rims and 
low ridges around and between 
depressions in uplands.  

C/D 0-2 

10 Soil Types 107.0 2.7 --- --- --- 

Totals 4,037.0 100.0 Varies  Varies 
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The topography consists of gently rolling and abundant moraines from previous glaciation of the region. 
The most prominent landform patterns are the end moraines created at the furthest extent of the 
glaciation, and the shallow pothole wetlands created by uneven melting as the glaciers receded. These 
landforms make up the typical landscape of the Des Moines lobe. Slopes are therefore mostly gently 
sloping, to sloping, but there are areas of strongly sloping to moderately steep slopes where the 
topography transitions from upland regions to these pothole formations.  
 
The elevations in the watershed range from a maximum of 1,077.3  feet North American Vertical Datum 
1988 (NAVD 88) to a minimum of 967.7 feet NAVD 88. The average slope of the watershed is 2.8 percent 
with nearly flat (0 -2 percent) and gently sloping (2 ς 5 percent) land making up a large percentage of 
the watershed at approximately 91 percent. Table 2-5 shows the percentage breakdown of slope 
classifications throughout the watershed, and Figure 2-6 illustrates the distribution of the slopes within 
the Hickory Grove Lake watershed.  
 

Table 2-5. Slope Classifications of the Hickory Grove Lake Watershed. 

Slope Class (%) 
Area 
(%) 

Description of  
Slope Class 

Class A (0 ς 2) 47.7 Nearly Flat 

Class B (2 ς 5) 43.4 Gently sloping 

Class C (5 ς 8) 4.9 Moderately Sloping 

Class D (8 ς 15) 2.6 Strongly Sloping 

Class E (15 ς 30) 1.3 Moderately Steep 

Class F (30 and up) 0.1 Steep to Very Steep 

Total 100.0 --- 

 
The combination of soil classification, slope, topography, and hydrologic soil group (discussed more in 
Appendix D) indicate that the majority of agricultural areas in the Hickory Grove Lake watershed would 
need to be drained. Approximately one-half of the (2,027 acres) watershed is drained through 
subsurface tile drains.  
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Figure 2-6. Slope Classifications in the Hickory Grove Lake Watershed.  
















































































































































